Eleven crossbred barrows were housed in environmentally controlled rooms with an 8-h photoperiod. Pigs in one room received control illumination of 113 lx (CON; n = 61, and pigs in the other room received intense illumination of 1,783 lx (INT; n = 5) fluorescent light. Pigs were given at least 20 d of exposure to the environment before blood samples were taken every 3 h for 48 h. Data were analyzed by split-plot analysis of variance. Except for prolactin, no treatment x time interactions were noted for the hormone profiles evaluated Ip > .lo). Pigs in INT had greater (P < .05) concentrations of prolactin in serum than pigs in CON at every sampling time. Concentrations of ACTH and cortisol in plasma were similar for INT (33.9 f 3.2 pg/mL of ACTH and 24.4 f 3.4 ng/mL of cortisol, respectively) and CON (34.9 f 3.0 pg/mL of ACTH and 31.3 f 3.1 ng/mL of cortisol, respectively). Within the INT treatment, serum melatonin concentrations were more than doubled Ip < .05) during darkness (66.8 f 9.3 p g / d compared with during light (30.4 f 9.3 pg/mL); however, within the CON treatment, concentrations during light and darkness did not differ (38.4 f 9.3 pg/mL and 42.9 f 9.3 pg/mL, respectively). Results indicate that light of greater intensity is required to entrain circadian rhythms of melatonin in serum of pigs. Furthermore, pigs may respond to bright light with greater secretion of prolactin, even under constant duration of photoperiod.
Introduction
The concentration of the pineal hormone melatonin rises in serum nocturnally in a number of species (Iguchi et al., 1982;  Kennaway, 1984 ; Coetzee et al., 1989;  Wilson and Gordon, 1989) . However, a daily serum profile of melatonin in the domestic pig is less well characterized. No nocturnal melatonin rise during the scotophase was noted in either long (McConnell and Ellendorff, 1987;  Minton et al., 1989) or short photoperiods (Brandt et al., 1986) . No increase in the concentra-J. Anim. Sci. 1992. 70:492-498 tion of melatonin has been reported in the pineal gland of pigs in long or short photic conditions (Reiter et al., 1987) . The only photic condition in which a nocturnal increase in melatonin was observed was an equatorial (12 h light) photoperiod, although this increase occurred only in approximately one-half of the animals (McConnell and Ellendorff, 1987;  Minton and Cash, 19901. In con trast, an endogenous rhythm of melatonin was observed (Griffith and Minton, 1991) under both constant light and constant darkness, although the rhythm was not as robust as that seen in other species.
A seasonal rise in serum concentrations of prolactin occurs in the European wild pig (male and female) during summer, whereas a decrease is seen in winter (Mauget, 1982 (Mauget, , 1985 ; Revault et al., 1982) . However, no such seasonal increase has been observed in domestic boars, although a trend toward higher concentrations in summer occurred in sows (Ravault et al., 1982) . No increase in prolactin was detected in domestic pigs exposed to artificially long photoperiods (Diekman and Hoagland, 1983; Minton and Wettemann, 1988) . In contrast to domestic swine, a higher concentration of prolactin is demonstrable in cattle (Tucker, 19811, sheep Belletier, 1973; Cam and Land, 1982; Almeida and Lincoln, 19841, and goats (Buttle, 1974; Hart, 1975 ) during long photoperiods. The effect of luminal intensity per se on secretion of prolactin in domestic ruminants or pigs has not been evaluated.
The primary objective of the current study was to determine whether light of high intensity would entrain the rhythm of melatonin in pigs. The rationale for this objective was that, in humans, 1,500 to 2,500 lx of light was required to suppress nighttime melatonin (Lewy et al., 1980 ). An additional objective was to evaluate the effect of luminal intensity on serum prolactin in pigs. Finally, cortisol was measured because its rhythm was entrained by the light:dark cycle (Minton et al., 19891 , and ACTH was measured because it was increased in pigs housed in constant darkness compared with constant light (Griffith and Minton, 1991) . However, the effects of light intensity on concentrations of ACTH and cortisol have not been evaluated.
Materials and Methods
General. Eleven crossbred barrows (101 * 3.4 kg) were moved from outdoor lots into two environmentally controlled rooms ( 2 2 O 0 , where they were tethered individually. A 15% CP diet was fed (twice daily) at 2.27 kgmpig-led-1, and water was available continuously. Pens were washed and animals were checked daily; however, routine tasks were never performed at the same time on consecutive days.
An 8-h photoperiod (Lights on 0800 to 1600) was provided throughout the experiment. Fluorescent lights (''Vita Lite", Duro-Test, Fairfield, NJ) provided 113 f 15 lx b e a n f standard deviation) in one room (CON treatment; n = 6) and 1,783 f 463 Ix in the other room (INT treatment; n = 51, at 65 cm above the floor. Incandescent lights equipped with 7-W red bulbs provided 7 f 2 lx and were illuminated continuously in both rooms. Such dim illumination did not interfere with the rhythm of cortisol in boars (Minton et al., 1989; Minton and Cash, 1990 ).
Blood Sampling and Hormone Assays. Pigs were given at least 20 d of exposure to the photoperiod and tethering before blood samples were obtained. Catheters were surgically placed bilaterally into ear veins of eight animals (Kelly, 1986) and into jugular veins of three animals (Ford and Maurer, 1978) approximately 84 h before the initiation of collection of blood samples. Blood plasma and serum were obtained at 3-h intervals for 48 h and were stored at -20%.
Plasma was assayed for ACTH (Minton and Cash, 1990) and cortisol, and serum was assayed for melatonin (Minton et al., 19891 and prolactin. Plasma cortisol was evaluated using antibodycoated tubes (Diagnostic Products, Los Angeles, CAI. As reported by the supplier, specificity of the antiserum was tested against 19 different steroids, with the greatest crossreactivity noted with prednisolone (46%), prednisone (3. l0/o), 1 1-deoxycorticosterone (1.5%), corticosterone (1.4%1, and tetrahydrocortisol (1%) and lowest crossreactivity ( < .6%) with aldosterone, cortisone, 1 1-deoxycortisol, 21-deoxycorticosterone, estriol, estrone, fludrocortisone, 17a-hydroxyprogesterone, methotrexate, pregnanediol, progesterone, spironolactone, and tetrahydrocortisone. When .3 1, .62, 1.25, 2.5, 5.0, 12.5, and 25 n g of cortisol were added to porcine plasma containing .5 ng/mL of cortisol, .81, 1.17, 1.84, 3.57, 6.16, 14.73, and 28 .55 ng/mL were measured in the assay, respectively (108.2 f 3.2% average recovery). Serial dilutions (10, 25, 50, 75 , and 100 pLJ of porcine plasma displaced [12511~ortisol in parallel to the standard curve.
For the prolactin RIA, porcine prolactin (USDApPRL-1-11 was used as standard and for radioiodination. Crossreactivity of the antiserum (AFP-0842551 was < .05% with porcine growth hormone and .01% with pFSH, pLH, pTSH (porcine thyroid-stimulating hormone), and hACTH (information supplied by A. F. Parlow). When .l, .2, .4, .8, 1.6, and 3.2 ng of prolactin were added to porcine serum containing .28 ng of prolactin, .38, .50, .71, 1.13, 1.97, and 3.53 ng/mL were measured in the assay, respectively (102.8 f 2.4% average recovery). Serial dilutions (25, 50, 100, 200, and 300 pL) of porcine plasma displaced ['2511pPRL in parallel to the standard curve. Intraassay CV and sensitivity of all assays, respectively, were 3.4% and .20 pg/ tube for ACTH, 4.8Oh and .93 pg/tube for melatonin (interassay CV = 11.9%), 4.6% and .008 ng/tube for cortisol, and 11.9% and .03 ng/tube for prolactin.
Statistical AnaZyses. Data were analyzed by splitplot ANOVA with treatment (CON vs INTI, time, and treatment x time interaction in the model. Compaxisons between treatments at individual sampling times were made only if there was a signi&ant F-test CP < .05) for the treatment x time interaction. The hypothesis that intense light would be more effective in entraining rhythms of melatonin was tested by comparing concentrations in serum obtained during the photophase with those obtained during the scotophase. To this end, the average concentrations of melatonin of each pig during the light and dark periods were computed. These means were then subjected to ANOVA with the same sources of variation indicated in the model above. Finally, partial correla-tion coefficients were computed trations of ACTH and cortisol same sample of plasma.
between concen obtained in the
Results
The 48-h profiles of prolactin in serum showed a significant ( I ' c .05) treatment x time interaction (Figure 1) ; thus, treatments were compared at each sampling time. At every sampling point, prolactin concentration was greater ( P c .05) for pigs in INT than for pigs in CON.
No treatment x time interaction was observed for either plasma ACTH or cortisol (Figures 2 and  3, respectively) . Concentrations of ACTH were similar for pigs in the INT (33.9 f 3.2 pg/mL) and CON groups (34.9 f 3.0 pg/mL1. Likewise, concentrations of cortisol were similar for the INT and   CON groups (24.4 f 3.4 ng/mL vs 31.3 f 3.1 ng/  mL, respectively) . The evening nadir for cortisol occurred at 1800 in both treatments on each day sampled. Concentrations of ACTH and cortisol exhibited a moderate but significant correlation (r The 48-h melatonin profiles showed no significant treatment x time interaction (Figure 41 . Overall, melatonin concentrations in serum did not differ between the two treatments (INT = 50.6 however, pigs in the INT treatment had a greater (P c .05) melatonin concentration during the scotophase (66.8 f 9.3 pg/mL) than during the photophase (30.4 f 9.3 pg/mL). In contrast, con centrations of melatonin did not differ between the scotophase and photophase for pigs in the CON group (38.4 f 9.3 p g / d vs 42.9 f 9.3 pg/mL, respectively]. Serum melatonin concentrations were not different between the two treatment groups during the photophase. The melatonin data from Pig I (Figure 4 , bottom panell were not included in the analysis of data from the CON treatment because they were erratic and often exceeded the mean of the other pigs by more than IO-fold.
Discussion
European wild pigs (Mauget, 1982 (Mauget, , 1985 concentrations occur during the summer and the lowest during winter. However, the domestic pig exhibits no such seasonal variation in prolactin, although a trend has been suggested (Ravault et al., 1982) . Cattle and sheep respond to artificially long days with increased secretion of prolactin. For example, prolactin concentrations of prepubertal bulls increased when they were shifted from 8 h to 16 or 20 h of light per day (Tucker, 1981) . A n increase in serum prolactin concentration in response to long days also has been shown to occur in intact and castrate rams (Pelletier, 1973; Lincoln et al., 1978; Can-and Land, 1982 increase in circulating prolactin in response to long days has been observed in domestic pigs (Hoagland et al., 1981;  Diekman and Hoagland, 1983 ; Kraeling et al., 1983 Kraeling et al., , 1987  Minton and Wettemann, 19881. In our study, pigs exposed to higher intensity light had greater serum prolactin concentrations than those exposed to lower intensity light. This demonstrates, for the first time, that prolactin in domestic pigs is responsive to at least one characteristic of the photoperiod, namely luminal intensity. Given sufficient intensity of light, pigs also might show increased prolactin in response to increased duration of photoperiod. This is implied by the seasonal trend in prolactin seen in domestic pigs housed outdoors (Ravault et al., 1982) but not seen in domestic pigs housed indoors (Hoagland et al., 1981;  Diekman and Hoagland, 1983;  Kraeling et al., 1983 Kraeling et al., , 1987 ; Minton and Wettemann, 1988) . Ambient temperature, though, was not controlled in the study of Ravault et al. (19821, and high ambient temperature elevates serum prolactin in pigs (Wettemann and Bazer, 1985;  Klemcke et al., 1987) . No prominent diurnal rhythm of circulating prolactin was seen in either treatment, which is in agreement with work of others in pigs (Ravault et al., 19821 and sheep CD'Ochhio et al., 1984) .
As demonstrated earlier, the plasma cortisol profile of the domestic pig can be entrained by photoperiod (Becker et al., 1985;  Klemcke et al., 1989 ; Minton et al., 19891. Light intensity probably does not play a n important role in this entrainment, because similar concentrations of cortisol occurred in the two treatments of our study. The plasma profiles of cortisol were generally as expected; the circadian nadir occurred early in the scotophase and concentrations became higher by early morning (Minton and Cash, 1990) . Similar to cortisol, profiles of plasma ACTH were not altered by intense light. The correlation between ACTH and cortisol in the same sample was moderate but was greater than values obtained from barrows in previous studies with nonentraining (r = .lo; Griffith and Minton, 1991) or entraining photoperiods (r = .34; Klemcke et al., 1989) .
Previous work indicated that the photoperiodic response of melatonin in the pig was unlike that seen in other species. Most species had been shown to have a circadian rhythm of circulating melatonin, with a nocturnal rise Kennaway, 1984; Coetzee et al., 1989;  Wilson and Gordon, 19891, but no circadian rhythm had been observed in pigs exposed to long (McConnell and Ellendorff, 1987 ; Minton et al., 1989) or short (Brandt et al., 1986; McConnell and Ellendorff, 1987) photoperiods, and only approximately one-half of the animals exhibited a nocturnal rise in melatonin when exposed to an equatorial photoperiod (McConnell and Ellendorff, 1987; Minton and Cash, 19901. In our study, no circadian rhythm of melatonin was observed in pigs exposed to dim light, in agreement with previous studies (Brandt et al., 1986;  McConnell and Ellendorff, 1987; Minton et al., 1989 Gverin and Matthews, 1990) . We had anticipated a significant treatment x time interaction for melatonin from the outset. Melatonin did not fluctuate with the light:dark cycle in CON pigs, and concentrations on average were intermediate to those of INT pigs during the photophase and scotophase; this likely explains the lack of an interaction. Greater light intensity for the INT treatment might have caused a greater day-night difference in melatonin than we observed. Evidence in humans suggests that the magnitude of the melatonin suppression with 1,500 lx is intermediate to that with 500 and 2,500 lx (Lewy et al., 19801. The circadian rhythm of melatonin observed in pigs of the present study is in agreement with our previous results in which a free-running circadian rhythm was observed in pigs under constant photic conditions (Griffith and Minton, 1991) .
Implications
Entrainment of melatonin by the photoperiod in the domestic pig seems to require a greater intensity of light than in other animals. Furthermore, secretion of prolactin was increased in pigs by exposure to increased luminal intensity. Unlike its effects on these two hormones, the intense light did not affect concentrations of adrenocorticotropic hormone or cortisol. Results of this current study may help to explain previous failure to observe melatonin secretion coupled to the light:dark cycle. Furthermore, the possibility is raised that rhythms of melatonin may be stably entrained only in pigs housed outdoors with access to sunlight (i.e., pigs indoors would nor-mally not be subjected to light of sufficient intensity). The physiological function(s1 of stable melatonin entrainment in domestic pigs remains to be determined.
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